Introduction
Hypertensive diseases and stroke are among the dominant causes of death in people from African descent in the UK with rates even higher than in the European origin white population (henceforth white). As a major cardiovascular risk factor, hypertension needs to be carefully managed in UK's African origin populations. There is widespread acceptance that in people from African descent blood pressure (BP) levels are comparatively high. Studies in the UK on differences between people from African descent and white populations in BP and prevalence of hypertension have, however, not always shown consistent results with, for example, Cruickshank et al 1 finding no difference in Birmingham. Such inconsistency prompted us to undertake this research study. We apply the concept of ethnicity as discussed by Senior and Bhopal, 2 and given in the glossary.
Methods

Search strategy
EMBASE and MEDLINE were used to identify papers published from 1980-2002 and 1966-2002 , respectively. Medical Subject Heading 'African Caribbean', or 'West Africans', or 'blacks', or 'ethnic minority population' were combined with BP and hypertension. The search was limited to the United Kingdom and papers published in the English language only. We included population-based studies that reported BP and/or prevalence data on people from African descent in comparison with a white or general population. All studies based on clinically selected patients and children were excluded. The reference list of all known primary studies and review articles were scrutinised and additional relevant citations were identified. In all, 14 studies were found that were relevant. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Two authors supplied unpublished data. 11, 15 Study selection and data extraction Of 14 papers included in the final analysis, 11 were cross-sectional surveys, most in the community, but some in occupational settings. Lane et al's 16 study includes some of the research participants in the study of Cruickshank et al. 5 Meade et al's 3 was a cohort study and Whitty et al 12 reported crosssectional data from a cohort design. Confidence intervals of 95%, P-values and odd ratios are reported as given in the paper. Mean systolic and diastolic BPs of the total study sample in two studies were calculated as the results were based on age-specific groups.
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Results
Methods of the reviewed studies Table 1 shows that most reports relate to the 1970s to 1990s and all studies were carried out in England. To investigate the mechanisms leading to ethnic differences in plasma C-peptide and insulin in relation to glucose tolerance and blood pressure.
Reported grandparental origin. 13, 14 all studies were carried out in and around London. Six studies 6, 7, 8, 10, 11, 15 were based on general practices' lists, three studies [3] [4] [5] were factory based, two studies were from the population-based health surveys for England, 13, 14 and one study was based on civil servants. 12 Two studies had samples from different sources. 9, 16 Three studies 5, 10, 16 were designed specifically to compare BP levels; the rest had broad aims relating to a range of cardiovascular risk factors. Name analysis, 9,11 self-reported origin, 9, 13, 14 country of birth, 3, 6, 7, 9 parental origin, 8, 10, 11, 15 and observer classification 5, 12, 16 were used as indicators of ethnicity. One study did not state which indicator of ethnicity was used. 4 The age range varied widely. In one study, the Afro-Caribbean group was significantly older than their white counterparts (Po0.0001). 16 Most studies assessed BP levels and prevalence of hypertension in men and women separately, but two only studied men. 7, 9 Response rates varied widely, ranging from 58% 10 to 81%. 7 Sample size varied widely. The largest, most representative and most up-to-date study was the Health Survey for England '99. 14 Table 2 shows that BPs were measured in three studies in a workplace, [3] [4] [5] in three studies at the participants' own homes, 7, 13, 14 in four studies in a health centre, 6, 8, 10, 15 in one study in a hospital clinic 11 and in one study in a hospital clinic and in a workplace. 9 In six studies, BP was measured with a random zero sphygmomanometer.
BP levels
5-9, 16 Sever et al 4 used a Bosomat automatic BP recorder, Cappuccio et al 11 used an automated ultrasound sphygmomanometer, whereas Primastesta et al 13 and Karlsen et al 14 used a Dinamap 8100 monitor. Most studies measured BPs in a sitting position. Two studies measured participants' BP in a supine position. 7, 11 The readings reported varied. For instance, some studies measured BP twice and used the mean readings for analysis. 6, 8, 10, 12, 16 In another three studies, BPs were measured thrice and the averages of the last two readings were taken for analysis, 11, [13] [14] [15] whereas in some studies either the first 5 or the lowest of the three 4 readings were taken for analysis. Two studies did not indicate which measurements were taken for analysis. 3, 9 Two studies reported actual mean systolic and diastolic BPs, 3, 4 two age-adjusted median systolic and diastolic BPs 9,10 and the rest of the studies published age-adjusted mean systolic and diastolic BPs. 5, 8, [11] [12] [13] [14] [15] [16] In 10 of 14 studies, mean systolic BP was higher in men from African descent than in white men. 3, 4, [7] [8] [9] [10] [11] [12] 16 In Primatesta et al's national study, mean systolic BP was lower in the black group aged 16-39 years; however, in those aged 40 years and above, mean systolic BP was higher than in the white group. 13 In Karlsen et al's national study, 14 the observed mean systolic BP was lower in AfroCaribbean; however, once the effect of age had been controlled for and results were presented as standardised ratios of means, there was no difference between the two groups. In Cruickshank et al's Birmingham Factory study and Haines et al's study, the mean systolic BP was lower in black than in white populations. 5, 6 For diastolic BP, all the studies reported higher mean values in black than in white groups, except Primatesta et al 13 in the 16-39 year age group and Karlsen et al.
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A total of 12 studies included women. [3] [4] [5] [6] 8, [10] [11] [12] [13] [14] [15] [16] Of these, 10 studies 3-5,8,10-12,14-16 reported a higher and one study 6 reported a lower systolic BP in black than in white women. In Primatesta et al, 13 the younger black group had a lower and the older black group a higher mean systolic BP than the white group. For diastolic BP, with two exceptions, 6, 14 one in which the levels were not given, 14 but stated as showing no difference, all the studies reported higher levels in black than in white groups.
The only study that compared systolic BP levels between Afro-Caribbeans and West Africans reported similar levels but the number of West Africans (men n ¼ 26, women n ¼ 25) was relatively small compared to Afro-Caribbeans (men n ¼ 211, women n ¼ 303). 10 Prevalence of hypertension Table 3 shows 12 studies [4] [5] [6] [7] [8] [10] [11] [12] [13] [14] [15] [16] that reported on the prevalence of hypertension using various cutoff points. Most studies reported on a cutoff point of systolic BP of 160 mmHg or more and/or diastolic BP of 95 mmHg or more, and defining as hypertensive those receiving hypertension treatment. Three studies did not indicate the number of people who were receiving treatment for hypertension. 4, 7, 16 Two studies combined men and women. 4, 12 One study did not standardise the prevalence rates for age. 4 Karlsen et al 14 reported on a cutoff point of 140/ 90 mmHg.
With one exception in which the treatment rate was slightly lower in Afro-Caribbean women than in white women, 8 all the studies reported higher treatment rates in men and women of African descent compared to white men and women.
A total of 10 studies reported on men. [5] [6] [7] [8] 10, 11, 13, [14] [15] [16] Of these, eight studies reported higher prevalence rates in people from African descent than in white men. 5, 6, 8, 10, 11, [14] [15] [16] In Primatesta et al, 13 the prevalence rate was lower in the 16-39 years age group, but higher in the 40 years and above age group in black compared to white men. Miller et al 7 reported lower prevalence rates in black men than in white men, but the number of black men were relatively small (N ¼ 24) compared to white men (N ¼ 68). Of the nine studies that included women, 5, 6, 8, 10, 11, [13] [14] [15] [16] seven studies 5, 8, 10, 11, 13, 15, 16 reported higher and one
Blood pressure levels in African adults in the UK C Agyemang and R Bhopal 6 reported lower prevalence rates in people from African origin compared to white women. In Karlsen et al, 14 Black Caribbean women had lower observed prevalence rate than white women; however, once the effect of age had been standardised and presented in risk ratios, the Black Caribbean women had higher rate than white women. Two studies' results were based on both men and women combined and reported higher prevalence rates in black than in white populations. 4, 12 Anthropometry data and mean difference in BP Table 4 shows, in studies ranked by African origin sample size, body mass index (BMI), waist-to-hip ratio (WHR), and mean difference in systolic and diastolic BP. In all, 11 studies reported on overall mean BMI on men.
3,6-11,13-16 Of these, six studies 3,9,11,13,14,16 reported higher BMI and five studies [6] [7] [8] 10, 15 reported lower BMI in African descent compared to white men. Overall, differences in BMI were small. Five studies reported on WHR on men. 8, 9, 11, 14, 15 Of these, three studies 11,14,15 reported lower, one study 9 reported the same and one study 8 reported higher ratios in African descent men compared to white men. Again, the differences were small. Nine studies reported on BMI 3,6,8,10,11,13-16 and four studies reported on WHR 8,11,13,15 on women and all reported higher BMI and WHR in Africans than in white population. The mean differences in systolic and diastolic BPs varied widely. The mean differences were particularly marked in women from African descent reaching 10.6-17 mmHg higher in some studies. 4, 10, 11, 16 The patterns of BP were partly associated with BMI, the fit being better in women of African descent. For example, in four studies, 7, 8, 10, 15 the mean BMI was lower in black men but mean BP levels were higher than those in white men.
Discussion
Key findings
Nearly all the studies were carried out in the London area where BP levels and prevalence of hypertension were higher in men and women of African descent as compared to the white population. The BP pattern was different in the younger age group than in older age groups in African compared to the white groups. 13 Treatment rates were higher in people from African descent compared to white people. Women of African descent consistently had comparatively high BMI and WHR but this did not apply to men.
In three studies of clinically selected adults [17] [18] [19] (hence excluded from the tables), two reported higher hypertension prevalence rates 17, 18 and one reported similar BP levels 19 in people from African descent compared to white adults. Table 2 First author surname and date of publication (continued)
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Limitation of the review and included studies
In some studies, Afro-Caribbean and West Africans were combined as one ethnic group. 3, 10, 11, 13 This method of combination is subjective, imprecise, and unreliable. Afro-Caribbean people have cultural values that are different from people of West Africa. In fact, the term West Africans is inappropriate because there are major ethnic differences between countries and also within countries in West Africa in terms of culture such as language, diet, religion, geography, and socioeconomic variations. All these factors are important determinants of health and have been shown to influence BP. 20 UK mortality statistics show that black Africans had higher mortality rates from chronic rheumatic heart disease and hypertensive disease than Afro-Caribbeans. 21 The studies span about 20 years, which potentially affects the comparability and interpretability of the results. Middle-age people of African descent at the end of the 20th century were likely to be different from their counterparts in the early 1980s, in terms of immigration, habits, and socioeconomic status. There are also many black people in the UK who have some white ancestry (mixed race), which further complicates interpretation. With one exception, 5 none of the authors in these reviewed papers stated whether mixed race people were included or excluded.
Huge variations in methods of measurement of BP limit the capacity to synthesise the data. For example, in seven studies participants' BPs were measured with a Hawksley random zero sphygmomanometer. [5] [6] [7] [8] [9] [10] 16 In other studies, 13,14 a Dinamap 8100 monitor was used that tends to provide higher systolic and lower diastolic BP levels than mercury sphygmomanometer readings. 22, 23 Participants' BPs were measured in different locations. The readings analysed also varied. The estimated white coat hypertension ranges from 12 to 53% depending on the population studied and the definition used. 24, 25 It is difficult to account for the effect of white coat hypertension in each study. It is also not clear whether the effect of white coat hypertension differs in different ethnic groups. Some studies did not take the effect of age on BP into account in their analysis, 3, 4 which might have given misleading results. Karlsen et al's 14 study highlights the importance of age adjustment when comparing BP levels between different ethnic groups. In this study, Black Caribbean men had lower observed BPs. However, once age was controlled for, the levels between Black Caribbean and the general population were no longer different.
14 Many people from African descent in the UK fall into the lower end of the socio-economic structure and this is a major potential confounding factor in most studies on ethnic differences in health. The few studies that reported on socioeconomic characteristics showed that people from African descent were clustered to the lower end of the social structure 11 or grade Abbreviations: BP = blood pressure; OR = odd ratio; SRR = standardised risk ratio.
*Po0.5. **Po0.01. ***Po0.001, comparing ethnic groups.
(continued)
Blood pressure levels in African adults in the UK C Agyemang and R Bhopal structure even in the same industry. 3, 5, [12] [13] [14] Studies did not formally adjust for socioeconomic confounders. Differences in BMIs and sex composition of the samples further complicate interpretation of these studies. These differences in study methods means that between study differences are not reliable and focus attention on within study variations.
Some authors used name analysis to identify subjects with origins in West Africa. 9, 11 West Africans and Afro-Caribbean people who share christian names with the white population are likely to be missed by this technique. In Cappuccio et al, 11 for example, using name analysis identified 80% of white people, 94% of West Africans but only 51% of the Afro-Caribbeans. The knowledge of practice staff was used to improve identification of this group. This could have resulted in selection bias, if people who were well known to the practices were more likely to be selected. Some studies 3, 5, 7, 9 used country of birth as an indicator of ethnicity. This technique may exclude Afro-Caribbeans and West Africans born in the UK.
Huge variations in study methods might make it problematic for researchers to conduct a meta-analysis, which would require collecting the original data. Whether such a task is feasible and worthwhile needs to be assessed in further research.
Discussion of the key results
The findings of higher BP levels and a higher prevalence of hypertension in the people of African descent in the UK are confirmatory of the USA's African-American and white comparisons.
Higher BP levels reported in most studies did not reflect the patterns shown by the Health Survey for England '99.
14 In Health Survey for England '99, standardised mean systolic and diastolic BP levels were similar in men in both ethnic groups.
14 The study also reported no significant difference in standardised mean diastolic BP in women. Little difference in BP between African Caribbeans and Europeans in this study probably reflects better treatment in African Caribbeans across the UK and this is indicated by the higher proportions on therapy ( Table 3 ). The fact that the African Caribbeans included in the study came from all social strata may also be relevant.
A higher prevalence of hypertension was not always associated with higher BP in that population. The explanations for this are either that the percentage on antihypertensive treatment differs or the distribution of BP is skewed. 26 The former clearly applied. The higher rates of antihypertensive treatment reported in people from African descent is encouraging, given that there is concern about reduced access to health-care services among ethnic minority groups in the UK. 21 Higher rates of use of antihypertensives among people from African descent probably reflect awareness among doctors about the risk of hypertension and stroke in this ethnic group.
The findings of higher BP levels and higher prevalence rates of hypertension in African descent are clearcut in the older age groups but not the younger age groups. In Primatesta et al's study, the younger black group had lower but the older black group had higher BP levels compared to whites. Also, in Cruickshanks et al's study, the younger black group aged 15-24 years had a lower BP than the white age group. 5 Again, in Lane et al's study, mean systolic and diastolic BPs were marginally lower in Afro-Caribbeans than in the white group in the o30-year-old age group. 15 In another two studies on school leavers (hence excluded from the tables), mean systolic and diastolic BPs were lower in the black groups than in the white groups. 27, 28 Epidemiological studies have consistently shown an important and independent association between increased BP and cardiovascular disease, especially stroke and coronary heart disease. 29 Whether the physiological optimal level of BP is the same in each ethnic group is unknown. 30 Black hypertensives may have higher death rates from all causes than their white counterparts. 31 However, evidence to support this has not been consistent. Findings from the St James Study in Trinidad showed ethnic similarities, for example, the attributable mortality after 8 years from a systolic BP between 155 and 179 mmHg was 7.9 deaths/1000 person year for black and 8.2 for European men, and above 180 mmHg, 14.7 and 15.1, respectively. 32 Whether the arbitrary cutoff point for defining hypertension, for example the WHO criteria, will overestimate 33 or underestimate individual risk in different ethnic groups remains an open question.
In conclusion, BP levels and prevalence of hypertension are clearly higher in UK residents of African descent. Some of the inconsistent results in the UK studies could be explained by the variations in the methods of measurement of BP and the classification of black groups in some studies. Differences in BMI, age, and sex also further confound findings. Different BP patterns between younger and older age groups in people from African descent in the UK means that there is a case for epidemiological research, including a metaanalysis, examining BP levels and prevalence of hypertension in younger populations (including a review of data in children), and how this pattern may be changing. More research studies are needed in cities outside London. Future research must recognise the various subgroups of West Africans. They should be designed in such a way that data can be combined easily for future systematic reviews, for example by standardising the way in which BP is measured.
